ABSTRACT Unbiased samples from insect traps are dependent on the placement of traps to account for variation in the spatial distribution of insect fauna. In forests, the spatial distribution of insects reßects forest vertical structure. However, comparative studies of insect diversity in managed forests have traditionally focused a single forest stratum (e.g., forest ßoor, canopy). We evaluated the importance of sampling along a vertical gradient to assess the effects of silvicultural treatments on insect fauna. We compared the catch from ßight-intercept traps suspended at 1, 3, 5, 7, 9, and 11 m above the forest ßoor in eight forest stands representing three management types: two clearcut stands, two shelterwood stands, and four selection stands. The vertical distribution of insects was signiÞcantly different across the three management systems. A greater proportion of the insect fauna was recovered close to the forest ßoor in clearcut stands than in selection and shelterwood stands. Some insect taxa were restricted to the higher traps; whereas other taxa showed different height associations across the three management systems. Therefore, vertical sampling is important to compare the insect fauna in managed forests differing in vertical structure.
INSECT TRAPS ARE a common method used to sample the insect fauna of terrestrial ecosystems (Southwood 1978) , and a large variety of trap types have been described in the literature (Juillet 1963 , Southwood 1978 , Canaday 1987 , Muirhead-Thomson 1991 . Placement of traps to account for variation in spatial distribution of insects ensures unbiased samples (Disney 1986 ). The vertical structure of forest ecosystems is a template structuring the forest animal community (MacArthur and MacArthur 1961 , Karr and Roth 1971 , August 1983 , including insects and other arthropods (Southwood et al. 1979) , and is often altered by forest management practices.
However, comparative studies of the insect fauna in managed forests have primarily focused sampling within a single forest stratum and have found differing results. The majority of studies focusing on grounddwelling insect faunas have found comparable or greater insect richness in regenerating forest stands than in mature stands, (Chandler 1991 , Chandler and Peck 1992 , Niemelä et al.1993 , Greenberg and Thomas 1995 , Niemelä 1997 , Humphrey et al. 1999 ) (see Fahy and Gormally 1998 for exception) , whereas studies of canopy insects have consistently found lower insect richness in regenerating stands compared with mature stands (Okland 1994 , Hill et al. 1995 , Pettersson et al. 1995 , Schowalter 1995 , Okland 1996 , Chey et al. 1998 , Proger et al. 1999 . Although comparisons within the single strata sampled can be made, attempts to assess the affects of silvicultural practices need to consider the entire vertical distribution of insect fauna in a stand.
Our objective was to evaluate the importance of sampling along a vertical gradient to compare the insect faunas in managed forest stands. We compared the trap catch from of a series of ßight-intercept traps suspended at equal height intervals up to 11 m above the forest ßoor in three management types: two clearcut stands, two shelterwood stands, and four group selection stands.
Materials and Methods
Study Area. This study was conducted within the Penobscot Experimental Forest (PEF) located in Bradley, ME, and managed by the USDA Forest Service, Northeastern Research and the University of Maine. Stands were originally established to study the effects of forest manipulation on stand structure and tree growth and to identify the best silvicultural method for enhancing spruce (Picea) northern coniferous forests. Spruce is favored over its common associate balsam Þr, Abies balsamea (L.) Mill, for pulpwood and lumber products and for its relative resistance to spruce budworm, Choristoneura fumiferana Clem.
Study Sites. Eight forest stands representing three silvicultural treatments were chosen: two clearcut stands, two two-stage shelterwood stands, and four group selection stands. All stands were established between 1953 and 1957. The three treatments created stands with dramatically different tree species composition, stand structures, and understory ßora. The two clearcut stands had all commercial trees removed in 1983 and 1988, respectively. The resulting stands consisted of regenerating balsam Þr, red maple (Acer rubrum L.), and gray birch (Betula populifolia Marsh) 3Ð5 m tall, with a diverse mix of herbaceous plants, grasses, and ferns on the forest ßoor. In a two-stage shelterwood treatment the overstory of the stand is removed in two cuttings. The Þrst cutting creates light conditions favorable for the regeneration of a particular species (e.g., red spruce, Picea rubrum Sarg.). After the target species is successfully established a second cutting removes the remaining overstory trees. The Þnal overstory removal cutting for the shelterwood stands were performed in 1972 and 1974, re- spectively. This treatment created stands consisting of a dense thicket of small-diameter red spruce and balsam Þr 8 Ð10 m tall and little forest ßoor vegetation. In a group selection treatment the stand is entered periodically and groups of trees scattered throughout the stand are cut. The four group selection stands have been managed under a 10-yr entry cycle and were last entered between 1993 and 1995. The resulting stands had a diverse vertical structure with a distinct canopy composed of eastern hemlock (Tsuga canadensis (L.) Carr.), red spruce, and some sugar maple (Acer saccharum L.) 20 Ð22 m tall. Subcanopy trees included balsam Þr, white birch (Betula papyrifera Marsh.), and red maple. The forest ßoor contained a variety of herbaceous plants and ferns.
Trap Design. Flight-intercept traps were constructed by intersecting two panes of clear plastic, each 60 cm high by 44 cm wide, in a "ϩ" shape when viewed from above. The plastic panes formed a fourpanel surface to intercept ßying insects. A translucent plastic funnel and a collecting jar were attached underneath the panes. In 1997, an additional funnel and collecting jar were placed above the panes as well. A 2.5 by 2.5 by 0.8-cm piece of dichlorvos pest strip (2,2-dichlorovinyl dimethyl phosphate) was placed in the collecting jar as a killing agent. Traps were suspended from 10.5-m (1995) or 12.5-m (1997) tall towers constructed of rigid conduit. At the top of the tower, a 90Њ bend was made and a 1.5-m piece of conduit was bolted to the tower so that the trap line could be suspended from a pulley away from the tower (Fig. 1) . Trapped insects were collected by lowering the traps to the ground.
Sampling Design. The insect fauna in each stand was sampled during the summers of 1995 and 1997. In 1995, Þve traps were suspended at 1, 3, 5, 7, and 9 m above the forest ßoor from a single 10.5-m tall tower in the center of each stand. The traps were checked once a week from 21 May 1995 to 22 August 1995. All insects were sorted and identiÞed. In 1997, two 12.5-m tall towers were installed in the center of each stand and six traps were suspended at 1, 3, 5, 7, 9, and 11 m above the forest ßoor from each tower (total of 12 traps per stand). The traps were emptied once per week from 11 June 1997 to 20 August 1997. Samples from three dates, 11 June 1997, 21 July 1997, and 20 August 1997 were sorted and detailed analysis was restricted to Coleoptera.
Insect Identification. Monitoring of terrestrial insects is limited by taxonomic information and expertise. IdentiÞcation to species is difÞcult and expensive and taxonomic information is not available for many groups of insects and other arthropods (Disney 1986 , Kim 1993 , New 1995 ). An alternative to formal taxonomic species identiÞcation is the use of "morphs." Morphs are categories of insects based on visually distinguishable external morphology. Morphs have been shown to be accurate surrogates for species in studies seeking relative estimates of the insect fauna (Oliver and Beattie 1996) .
In 1995, all insects except soft-bodied insects Ͻ2 mm were mounted and sorted. Specimens from the orders Coleoptera, Diptera, Hymenoptera, Hemiptera, and Homoptera were identiÞed to family and sorted to morph within family. Specimens from the orders Psocoptera, Lepidoptera, Tricoptera, Neuroptera, Orthoptera, and Odonata were identiÞed to order and sorted to morph within order. Family identiÞcations were made using taxonomic keys supplied by Borror et al. (1989) and veriÞed using the University of Maine insect collection when possible. Sorting, mounting, and identiÞcation were performed by the senior author.
In 1997, voucher and reference collections of each coleopteran morph were made from the mounted 1995 specimens and are deposited in the University of Maine insect museum. The reference collection was used to sort the Coleoptera collected during the summer of 1997. Beetle morphs collected in 1997 were also pinned and added to the collection.
Data Analysis. The 1995 insect count data and 1997 beetle count data were analyzed separately, as were the 1995 coleopteran and 1995 noncoleopteran count data because beetles were a sizable portion of the total trap catch in 1995. We used three approaches to in- Relationships between the number of noncoleopteran and Coleoptera morphs (1995) and Coleoptera morphs only (1997) caught per trap and trap height in three forest management types studied in the Penobscot Experimental Forest in Bradley, ME. Regression lines designate signiÞcant relationships (P Ͻ 0.05) Þtted from log-linear models; ßat lines designate nonsigniÞcant relationships (P Ͼ 0.05). Letters above lines represent signiÞcant differences between slopes (P Ͻ 0.05) (read horizontally) and n ϭ number of stands.
vestigate the vertical distributions of the insect communities in the three management systems.
Insect Richness and Trap Height. First, we determined the consistency of the relationship between trap height and insect richness (number of insect morphs) across the three management treatments. Statistical signiÞcance was assessed using a two-way log-linear model (PROC GENMOD, SAS Institute 1999) with number of insect morphs caught in each trap as the response variable and trap height (as a continuous variable), management type, and stand within management type as explanatory variables. A signiÞcant trap height by management type interaction term would indicate inconsistency. Pair-wise differences in the relationship between number of insect morphs caught and trap height among management systems were tested using linear contrasts (Sokal and Rohlf 1981) of the slope from log-linear models. We separately tested the relationship between trap height and the number of insect morphs within each management type using a log-linear model with the number of insect morphs as the response variable and forest stand and trap height as explanatory variables.
Influence of Top Traps. Second, we determined if the top traps affected the estimates of insect richness across the three management types. If the vertical distribution of insects was consistent across the management types then the proportion of additional morphs detected with the inclusion of top traps (i.e., those morphs caught only in top traps) would be similar. For the 1995 data set, the top two traps (7 and 9 m) were compared with the bottom two traps (1 and 3 m). For the 1997 data set the top three traps (7, 9, and 11 m) were compared with the bottom three traps (1, 3, and 5 m). Again, we used a log-linear model with insect morph richness (number of morphs caught in the bottom traps or number of additional morphs caught in top traps only) and trap height as a class variable, management type and stand within management type as the explanatory variables. A signiÞcant trap height class by management interaction term would indicate that the proportion of insect morphs caught in only the top traps was not consistent across the three management types. Comparisons between management systems were assessed using linear contrasts (Sokal and Rohlf 1981) .
Vertical Distribution of Individual Morphs. Third, we determined the vertical distribution of individual insect morphs across the three management types. The abundance of each insect morph in top and the bottom traps (same designations as above) was compared across the three management types. Statistical signiÞcance was assessed using a two-way log-linear model for each morph with number of individuals per morph as the response variable and trap height class, management system and stand within management system as the explanatory variables. For each morph tested a signiÞcant trap height term indicated a signiÞcant height association. Additionally, a signiÞcant trap height by management interaction term indicated an inconsistent height association across the three management types and would be evidence that the vertical distribution of the insect fauna was inconsistent among the three management types.
Results
Total Trap Catch. In 1995, a total of 4,304 insects were sorted into 542 morphs. Coleoptera represented 69% of the total abundance and 55% of the total richness. In 1997, a total of 2,006 Coleoptera were sorted into 222 morphs.
Insect Richness and Trap Height. In 1995, the relationship between noncoleopteran richness and trap height was signiÞcantly different (P Ͻ 0.05) across three management types (Table 1 ; Fig. 2 ). There was a signiÞcant decrease in noncoleopteran richness with increasing trap height in clearcut stands and no change in richness across trap height in selection and shelterwood stands. Coleopteran richness in 1995 also differed by height among the three management types. There was a signiÞcant decrease in coleopteran richness in clearcut and selection stands with increasing trap height and no change in richness in shelterwood stands. Slope contrasts indicated that there was a greater decrease in richness in clearcut stands than in selection stands.
The relationship between beetle richness and trap height in 1997 was not signiÞcantly different (P Ͼ 0.05) across the three management types and there was a signiÞcant decrease in beetle richness with increasing height in all three management types ( Table   Table 2 . Summary of log-linear models comparing the number of non-coleopteran and Coleoptera morphs (1995) (1995) and Coleoptera morphs only (1997) recovered from bottom traps and exclusively in top traps in eight forest stands studied in the Penobscot Experimental Forest in Bradley, ME, and average percent increase in richness with the inclusion of top traps for each management type (numbers above bars). The 1995 graphs show the bottom two traps versus top two traps. 1997 graph shows bottom three traps versus top three traps. Letters indicate signiÞcant differences (P Ͻ 0.05) between the percent increase in richness among the three forest management types (read horizontally). CC, clearcut, SEL, selection, SHW, shelterwood. Ⅺ, Bottom traps, o, Top traps.
1.0; Fig. 2 ). However, similar to the 1995 beetle data the slope of the Þtted line from log-linear model was greater in clearcut stands (␤ ϭ Ϫ0.089, SE ϭ 0.015) than in selection (␤ ϭ Ϫ0.061, SE ϭ 0.009) and shelterwood stands (␤ ϭ Ϫ0.070, SE ϭ 0.01).
Influence of the Top Traps. In 1995, the proportion of additional noncoleopteran and Coleoptera morphs detected in the top traps (morphs caught only in top traps) was signiÞcantly different among the three management systems (Table 2; Fig. 3 ). The proportion of noncoleopteran morphs caught only in the top traps was greater in selection stands and shelterwood stands than in clearcut stands. In contrast, the proportion of Coleoptera morphs caught in only the top traps was greater in shelterwood stands than in clearcut and selection stands.
The 1997, beetle data were consistent with the 1995 data. There were signiÞcant differences between the Table 3 . Insect morphs which showed a significantly different (P < 0.05) height association in 1995 across three forest management types studied in the Penobscot Experimental Forest in Bradley, ME Mean and standard error (SE) are for the number of individuals caught in bottom two traps versus the top two traps in each management type. n, number of stands.
2 and P value are for the management ϫ height interaction term from log-linear models, df ϭ 2. In 1997, no morphs were detected with signiÞcantly different height associations across the management systems. * Denotes signiÞcantly higher mean (P Ͻ 0.05) within management system. Mean and standard error (SE) are for the number of individuals caught in bottom two traps and top two traps (1995); bottom three traps and top three traps (1997).
2 and P values are for the overall height effect from log-linear models, df ϭ 1.
proportion of beetle morphs caught only in the top traps across the three management systems and the proportion of morphs caught only in the top traps was signiÞcantly greater in shelterwood stands than in clearcut and selection stands (Table 2 ; Fig. 3 ). Individual Morphs. Of the 68 morphs that were represented by 10 or more individuals, 10 morphs showed signiÞcantly different height associations across the three management types (Table 3) ; eight were consistently associated with the bottom traps in all management types and four morphs were associated with the top traps across in all management types (Table 4) . Forty-six morphs showed no signiÞcant height associations.
In 1997, 45 of the 50 morphs represented by 10 or more individuals showed no signiÞcant height association. Five morphs were consistently associated with the bottom traps (Table 4 ) and no morphs were signiÞcantly associated with top traps or showed differing height associations across the management systems.
Discussion
This study suggests that vertical sampling is important to obtain accurate measurements of the insect fauna in managed forest stands. The vertical distribution of insects was signiÞcantly different among the three management types studied. A greater proportion of the insect fauna was recovered close to the ground in clearcut stands than in selection and shelterwood stands. There was a greater decline in insect richness with increasing trap height in the clearcut stands than in the selection and shelterwood stands (Table 1 ; Fig. 2 ) and traps above 5 m recovered a greater number of additional morphs in shelterwood and selection stands than in clearcut stands (Table 2 ; Fig. 3) . Furthermore, the individual insect morphs that showed differing height associations among the management systems and associations for the top traps in this study provide further evidence that sampling along a vertical gradient is important (Tables 3 and 4) .
The detected variability in the vertical distribution of insects may reßect trap placement in relation to the canopy of the stands. Despite variation in canopy height the greatest abundance and diversity of insects has been found within and just above the canopy of the forest (Sutton and Hudson 1980 , Sutton 1983 , Kato et al. 1995 . In our study, the top traps were above the canopy in clearcut stands, within the canopy in shelterwood stands, and just into the bottom edge of the canopy in selection stands. In clearcut stands, the paucity of additional morphs in the top traps and sharper decline in insect richness with increasing trap height suggests that the lower traps adequately sampled the canopy fauna. Conversely, the greater proportion of additional insect morphs collected in the top traps of shelterwood stands indicates the top traps were sampling the relatively taller shelterwood canopy. In the selection stands the top traps sampled only the bottom edge of the canopy. To compare the insect communities of forest stands with differences in stand structure vertical sampling must be done within comparable physiognomic classes of vegetation.
